INTRODUCTION
Today, clean water has become a precious commodity and its quality is threatened by over exploitation and insensitivity to conservation, inappropriate agricultural practices, inadequate treatment of the municipal/industrial wastes and deforestation. India is a land of major rivers and abundant monsoon rain, but most regions today face a serious water crisis. The rivers are the lifeline of a country. The rivers and canals in India have a total length of about 27,500 and 112,500 km, respectively (MOWR, 2006) .
Ghaggar River is one of the major seasonal rivers passing through two most fertile states (Punjab and Haryana) of India. It receives domestic, industrial and municipal wastewaters/effluents all along its course. The base flow generated in the river system is utilized at various points for various purposes like drinking, irrigation and industrial. Water is pumped directly from the Ghaggar River and tributaries at several places for irrigational and drinking activities along its journey from upstream to *Corresponding author. E-mail: drkundu24@yahoo.co.in.
downstream. Some industrial regions along with municipal councils/committees/corporations are discharging their wastewaters and effluents directly or indirectly into the Ghaggar River water through different channels. Therefore, it is necessary that the quality of water should be monitored at regular time intervals. Furthermore, the protection and maintenance of water quality is emerging as a great public concern in all over the world.
There have been few studies on the assessment of the Ghaggar River water quality in terms of physico-chemical and heavy metals characterization in Haryana and Punjab regions (Kaur et al., 2000; Kaushik et al., 2000) . Garg (2002) has also linked the fluctuation in physical and chemical characteristics of river water with seasonal variation. Of late, multivariate statistical techniques such as cluster analysis (CA), factor analysis/principal component analysis (FA/PCA) and discriminant analysis (DA) has been considered useful for the evaluation and interpretation of large complex water quality data sets and apportionment of pollution sources/factors with a view to getting better information about the water quality and design of monitoring networks for effective management of water resources. However, such an analysis about the Ghaggar River is lacking. Therefore, the present study was undertaken to check the spatio-temporal variations in the surface water quality of the Ghaggar River using PCA and FA.
MATERIALS AND METHODS

Description of the study area
The area under investigation lies between North latitudes 30°00′00″ to 30°50′00″ and East longitudes 76˚11′24″ to 77°07′20″ and falls in the survey of India Toposheet No. 53B and 53F, covering a distance of 135 km (Figure 1 ). The research area falls within the boundaries of several states and covers some parts of different districts of Himachal Pradesh, Haryana and Punjab, India.
The chosen Ghaggar River originates from the Siwalik Hills of Himachal Pradesh and Haryana. It runs along the foot of the Siwaliks and flows through Haryana and Punjab to Rajasthan and then disappear itself in the sands of the Thar Desert. The Ghaggar River flows from east to west and then takes a southwesterly course. During its westward journey, a number of streams, streamlets, drains and tributaries debouch their load into the Ghaggar. After flowing through Morni Hills before entering the plains, the Ghaggar River is joined by the Kaushalya Nadi in the foothills zone. The small streams viz. Kaushalya, Jhajra and Ghaggar get combined together near Chandimandir to form the main Ghaggar River. Furthermore, at downstream sites various point and nonpoint sources are joining the Ghaggar River and discharging their untreated effluents into it.
Sample collection and analysis
The surface water samples were collected from Badisher-Koti total dissolved solids (TDS) and temperature were measured in the field using water and soil analysis kit (Electronics India, Model 16 E). The rest of the characteristics of water samples were measured in the laboratory immediately after transportation to the laboratory. Chloride, sulphate, phosphate, fluoride, carbonate, bicarbonate, sodium, potassium, calcium, magnesium and total hardness were estimated using standard procedures (APHA, 1992).
To ensure accuracy, analysis was done in triplicates and mean value was taken into consideration.
RESULTS AND DISCUSSION
The obtained surface water results were subjected to statistical analyses (descriptive statistics and principal component analysis) to check spatio-temporal variations in river water quality using SPSS (2000).
Descriptive statistics
In descriptive analysis, variables mean values were taken into consideration as characteristics values to check variations between two different observations of the same season are shown in Tables 1 and 2 . Table 2 for both the observations. Eigenvalue gave a measure of the significance of the factor, and factor with the highest Eigenvalue was the most significant. Eigenvalue of 1.0 or greater was considered significant and is retained in the table, while those less than 1.0 were omitted. Liu et al. (2003a) 
Conclusion
From the descriptive statistics, it was clear from the observation that during summer 2006, the river water contained the higher concentrations for various parameters as compared to summer 2007 observation. Principal component analysis (PCA) also confirmed changes in surface water parameters concentrations with temporal variations. Hence, it has been concluded that river surface water quality changed within the two different same season observations (summer) also. These observed variations in the present study may likely affect agriculture since this water is used for irrigation purpose, which may in turn have implications on human health. Moreover, since water is used for drinking purpose by local people, the change in quality of surface water may have direct impact on human health. In conclusion, observed changes in surface water quality of the river can have impact on human health both directly or indirectly.
